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ABSTRACT

The purpose of this first phase of a study on the morphology of planetary
waves was to estimate global temperatures for the upper stratosphere and lower
mesosphere from the radiances of the SCR-B experiment on Nimbus 5. This has
been successfully achieved using a regression of the radiances on meteorological
rocket data. In general, the accuracy of the retrieved temperatures, i.e.
standard deviation of the error, varies from about 3°K at 10 mb to about
5.5°K at 0.4 mb as compared to meteorological rocket values. Layer mean temper-
atures are about one-half degree more accurate than temperatures at the border-
ing levels. Details of the procedure, which included extensive prior prepara-
tion of the radiances, are given here. Global temperatures at 10, 5, 2, 1
and 0.4 mb along the orbit, and the mean temperatures (thicknesses) between
the levels, are now ready to apply to the next phase of this study, which will
obtain heights of those surfaces at latitude-longitude gridpoints. The planetary

waves will be computed from these gridpoint values.
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X INTRODUCTION

The past several years have seen a tremendous surge of interest in the
upper atmospheric regions above 10 mb. Better knowledge of the dynamics and
thermmodynamics of these regions is now seen to be essential to improved under-
standing of, for example, ozone photochemistry and flux, the morphology of
stratospheric planetary waves and warmings, and possible links between upper
and lower atmospheric phenomena. In particular, temperature perturbations in
the region may be useful precursors of perturbations in the troposphere, i.e.

weather anomalies.

One of the first requirements of such research is a daily data set which
is much more complete in spatial coverage than any previocusly available data
set. The purpose of this first phase of the study was to provide global
temperatures above 10 mb from the SCR-B radiometer on Nimbus 5 for 1973-1974.
In view of the experience and improvements gained in processing SCR-B, the
SCR-A data, from Nimbus 4, 1970-1972, have been processed in the same manner
so that the entire data set is consistent. A description of the processing
used in both sets is included here for convenient reference. Together, the
SCR-A and SCR-B data now provide a nearly S5-year data set from which many

studies can be made.

) i SELECTIVE CHOPPER RADIOMETER DATA

A. The SCR Instrument

From April 1970 through December 1974, two instruments, SCR-A and
SCR-B, were flown on NASA's polar-orbiting satellites, Nimbus 4 and Nimbus 5,
respectively. The SCR (Selective Chopper Radiometer) instruments, which are
described fully in References 1 and 2, were designed, in part, to sense radia-
tion upwelling from regions 10 mb to 0.4 mb. The weighting functions for both
instruments are shown in Figure 1; the radiances which are available for de-
termining temperature in the regions above 10 mb are from Channels A and B
in SCR-A, and Channels B12, B23, B34, and B4 in SCR-B. These radiances have
been "cleaned" carefully, regressed with coincident rocketsonde data, and
used to produce a 56-month time series of sub-orbital temperatures at 10, 5,
2, 1, and .4 mb and mean temperatures (thicknesses) in the layers between

those levels.




B. Data Sources

Most of the SCR-A and SCR-B data tapes were received from the National
Space Science Data Center (NSSDC). These were copies of tapes supplied to
NSSDC by the Oxford experimenters. The 48 SCR-A tapes covered the period 27
July 1970 to 30 January 1973. The period 11 April 1970 to 27 July 1970 was
covered by a set of radiance tapes available only at CDC. These data were
calibrated at CDC some time ago from the SCR-A raw radiances extracted from a
set of 800 Sensory Data Tapes supplied by NASA. The 63 SCR-B tapes covered
the period 13 December 1972 to 26 December 1974. Formats of the NSSDC-supplied
tapes are given in References 3 and 4. The two sets of data tapes were organized
similarly, but the details of the formats were quite different as the instru-

ments themselves were quite different.

C. SCR-B Radiances

Examples of the calibrated radiances from the SCR-B data tapes are
shown in Figures 2 and 3. The two orbits plotted are nearly complete from the
Northern Hemisphere (NH) descending into the Southern Hemisphere (SH) and then
ascending into the NH again. The data were consistent enough from point to
point so that it was necessary to plot only every fifth point. The radiances
from the B-difference channels (B13, B23, B34) were previously smoothed by
the Oxford experimenters. They used a five-point running mean and applied
it to the orbital data four times. Details of the calibration processing

are given in Reference 2.

D. SCR-A Radiances

Figures 4 and 5 show radiances from the two highest channels of
SCR-A at every point along one orbit in December 1971. The most striking
feature of the SCR-A radiances is the high frequency noise, particularly on
Channel A. These radiances were not smoothed during the calibration proces-
sing at Oxford as the SCR-B radiances were. Channel A and Channel B were

therefore smoothed here with the filter which is discussed later.

III. DATA EXTRACTION AND SORT
Preliminary processing of the SCR data from the two satellites was done
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separately, with two sets of programs. The input data tape formats were differ-

ent primarily because SCR-B had more and different channels than SCR-A. In

s Oy

addition, the SCR-A radiances had to be filtered along the orbits. However,

most of the techniques described below were used on both SCR-A and SCR-B data.

A. Extracting and First Sort

The calibrated radiances were just a small part of the data on the

tapes received from NSSDC. The tapes also contained identification words,
engineering data concerning the state of the instrument and the satellite,
calibration parameters, and data from other experiments. The data extracted
and saved on a new set of tapes included orbit number, day, time, latitude,

longitude, radiances, and 24 flag bits. Some of the problems encountered in-

T TPLIIT R TR A o,

cluded sometimes unreliable orbit number, day number, or time. In some cases,
the latitude and/or longitude were obviously incorrect. Sometimes certain
identification records were either missing or duplicated, making it difficult
to distinguish ends of orbits and ends of days. The biggest problem was the
data being out of order. Before the data could be filtered they had to be

arranged chronologically. The first re-sort was done by copying the extract

S i

tapes and re-ordering individual orbits or whole days that were obviously out

of order.

B. Merge CDC Calibrated Radiances for SCR-A

A list of the data missing from the re-sorted SCR-A tapes was compared

with an inventory of the data that had been sorted and calibrated at CDC. - The

e e T .

data available at CDC for filling in gaps in the NSSDC data included every other
day for the first three months of SCR-A and several days scattered through the
first year. The new data were written on another tape in the same format as

the data extracted from the NSSDC tapes, with a flag to denote the source (NSSDC
or CDC). 1In addition, the CDC-calibrated data had to be adjusted to reflect

some changes in the calibration procedure which were discovered after the orig- 8
inal calibration had been completed. The extracted data from the two sources
were then merged by copying to a new set of tapes. This step also took care

of a few orbits that had been missed in the previous re-sort.
C. Final Sort g

The final sorting technique was designed to handle out-of-order and

b
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duplicate data within orbits. 1t also handled one or two orbits near midnight

GMT that were almost always out of order and that were not re-sorted previously.
For each 24-hour period a 5400 word array was generated. There was one slot

in the array for each l6-second satellite observation interval, called a major
frame. If the time corresponding to the first slot is known, the times of all
slots are known since each one is 16 seconds after the one before. The array
was positioned to cover the period from 12Z one day to 12Z the following day.
Since the out-of-order orbits near 00Z were then near the center of the array,

it was not necessary to switch back and forth between arrays for different days.

The 5400 words were first cleared to zero which represents "missing'.
Words corresponding to major frames without good data remain zero. Each major
frame was then examined to determine if there were data worth keeping. A major
frame was rejected if any of the radiances were missing, or if the time or posi-
tion was obviously bad (e.g. hour was greater than 23, or latitude was greater
than 800N, or longitude was greater than 3600E). The following parameters were
saved from a good SCR-A major frame: latitude, longitude, Channel A radiance,
Channel B radiance, and a flag to distinguish the source. The SCR-B parameters
saved were latitude, longitude and radiances for Channels B12, B23, B34, and
B4. The position of the major frame in the 5400 word array was determined from
the time, and the parameters were stored in the appropriate word. When a new
day was encountered, the 5400 word array was written to tape and the process
was repeated for the new day. The generated tapes were very compact, having

two year's data per reel.

Iv. ERROR CHECKING AND FILTERING

A. SCR-B Error Chcgking

The SCR-B data were examined to identify and remove erroneous values.
Latitudes and longitudes for approximately ten orbits in the two-year period
were found to be incorrect. These incorrect locations were identified by compar-
ing the ascending and descending nodes (equator crossings) in the data with
nodes computed independently based on the regularity of the Nimbus-5 orbits.

No attempt was made to correct the erroneous locations as the amount of data

was small.




The data series, which were normally quite smooth, had occasional
random spikes, which were identified and removed by another screening tech-
nique. Minima and maxima of all radiances in 10° latitude belts were computed
for each day. 1t was found that extremes for each latitude belt are very con-
sistent from day to day except when spikes in the data caused an unusual minimum
or maximum. By examining the time series of minima and maxima it was possible
to specify a range of allowable radiances for each channel for each day and
latitude belt. Any radiances outside the allowable ranges were removed. This

technique typically removed fewer than five points per day.

B. SCR-A Error Checking

The same error checking procedures just described for SCR-B were
also applied to SCR-A. A greater amount of data was determined to be bad than
was found for SCR-B. Seventeen orbits were removed because of bad locations.
The technique of specifying ranges of allowable radiances also worked for

SCR-A, even though the data were much noisier.

C. SCR-A Filtering

Following this error screening, it was still necessary to filter
the SCR-A data to remove the noise described in Section II-C. Since Channels
A and B were to be used together, the same filter was used for both channels,
although A (Figure 4) was obviously more roisy than B (Figure 5). Figure 6
shows Channel A radiances from part of one orbit before and after filtering.
A simple running mean removed much of the random noise evident in the unfiltered
data. It was decided to use a five-point running mean, applied four times, to
be consistent with the smoothing done at Oxford on the SCR-B data. As mentioned
in the Oxford documentation, this is essentially a Gaussian filter with a
half-width of about seven points (major frames). The chosen filter is shown
as the heaviest line in Figure 7. Figure 8 shows how effective this 17-point
filter is in removing the noise in Channel A radiances. The three short seg-

ments shown are from the orbit plotted in Figure 4.

Before the SCR-B data were smoothed by Oxford, short gaps were filled
by linear interpolation. Tests were made to determine the effects this inter-
polation would have on the SCR-A data. Five points in the center of each data

segment of Figure 8 were removed and replaced by linear interpolation. The




results after filtering the interpolated segments are shown by the dots in

Figure 9. The crosses show the results after filling the gaps with the filte:
instead of by linear interpolation, i.e. a missing point was filled by the
weighted average of the nearby non-missing points. The solid curves are the
filtered results from Figure 8 plotted with a twice expanded ordinate. The
filtered values at the interpolated points are quite different from the fil-
tered values when the points are not missing. Also, four points on either side
of the gaps are strongly affected. The filtered values for the gap and four

points on each side are quite different from the original smoothed data.

For the above reasons, when the SCR-A data series was actually fil-
tered, gaps were not interpolated because of the possibility of introducing
large errors. Data near gaps must be used cautiously because of possible
errors propagating from the gaps. Rather thag throwing out the data neigh-
boring the gaps during the filtering process, a flag was added to the data for
each major frame. This flag showed the number of points (up to 17) and the sum
of the filter weights corresponding to the non-missing points under the filter.
The filtered output was also written as a 5400 word array for each 24 hour
period. A few data points were removed because both Channel A and Channel B

were not present.

SCR-A data after 17 April 1972 were filtered separately because, on
that date, Channels C and D were lost. Channel C had been used in the calibra-
tion of Channels A and B before that data, and, with Channel C gone, the char-

acter of the calibrated radiances for Channels A and B changed abruptly.

V. REGRESSIONS

After the radiances had been sorted chronologically and filtered, meteor-
ological parameters such as temperatures and thicknesses could be derived from
them. The most reliable way to determine temperatures and thicknesses from
radiances is by regression, as described in Reference 5. Regression coefficients
were based upon a coincident set of meteorological rocket network (MRN) and SCR

data. The 13 MRN stations used, primarily from the NH, are described in Table 1.

Rocket soundings were taken about once a week at each station, but not

usually when the satellite was passing over the station; therefore, the numb-r
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of coincident observations was quite small., The sample size was increased by
forming a time series of all available satellite radiances at each of the rocket
stations, as discussed in the next section. From the time series at a given
station, radiance values were interpolated in time to coincide exactly with

the times of the rocket firings. These space/time "coincident" data provided

the data set for the regressions.

A. Time Series Generation

Nimbus 4 and Nimbus 5 weve local noon/local midnight satellites. Any
point on Earth, 80N to 8005. had one or more nearby daytime overpasses and
one or more nearby nighttime overpasses. As an example, Figure 10 shows the
orbits (with data) passing near Ft. Churchill in three consecutive 24-hour
periods. A data set was created which contained all the data available within
"boxes", of size six degrees latitude by 60 degrees longitude, centered on each
of 16 rocket stations. (These 10 included the 13 of Table 1 plus 3 SH stations,
which had little rocket data and were used only to check the time consistency
of SCR data). From this SCR time series it was possible to interpolate, for

each rocket station and for each da a "daytime" radiance from the ascending
Y. y ¢

orbits and “nighttime" radiance from the descending orbits, as follows. When
two orbits surround the station, a station value was interpolated from each
orbit’'s average within the box. When only one orbit was available, the orbit
box average was used. For each radiance channel, separate time series were
obtained from daytime and nighttime conditions at each rocket location; tour

separate time series were therefore obtained for SCR-A, and eight for SCR-B.

The time series of the daytime and nighttime radiances weve plotted,
along with meteorological parameters from the actual rocket observations.
These time plots were very useful in identifying the many short periods of
bad data, especially for SCR-A. New procedures were then devised to re-clean
the data (these have been discussed in Section IV). Several rocket data were

also identified as errvoneous, and were eliminated from further consideration.

In our previous work with SCR-A data, we found that lavge differences
sometimes existed between the daytime and nighttime radiances at a given
place, particularly in Channel B. These differences were larger than one

would expect trom diurnal atmospheric changes, and were known to change with




season and latitude. To remove this effect, monthly zonal means of the diurnal
differences for all channels of both SCR-A and SCR-B were computed. Then,
interpolating in latitude and in time, we applied these differences to each

ascending datum, effectively making each radiance a nighttime radiance.

B. Regression

The time series discussed in the last section were interpolated, in
time, to the times of rocket firings. The interpolation was linear, and the
maximum time separation of SCR data (for the purpose of interpolation to a
rocket time between them) was 42 hours, with one exception: 1f the gap was
larger than 42 hours, SCR data from an endpoint of the gap was assigned to the

rocket time if the rocket-SCR time difference was less than 6 hours.

In order to develop consistent regression models, it was necessary
to combine the rocket data into 3 sets which represented latitude regions near
60N, 30N and 10N, termed "high", "mid", and "low'" (Table 1). Further, the sta-
tion groups were partitioned into warm and cold "seasons'" of generally six
months, which were chosen to take into account real atmospheric changes while
allowing for changing instrument characteristics. One of the seasonal parti-
tions was chosen as 17 April 1972, corresponding with the SCR-A calibration

change mentioned earlier.

Several functions, X, of the SCR radiances were cohrrelated with each
desired atmospheric parameter. These SCR functions included the radiances,
their squares, square roots, and fourth roots, as well as the products and

the ratios of the radiances.

In the regression development a standard screening procedure was
used. First, for each atmospheric parameter (predictand), the most highly cor-
related function, Xl, was identified and the percent of predictand variance
which it explained was calculated. Then the effect of X, was removed from all

1

the other correlations and the next most highly correlated function, X,, was

identified and its contribution to additional reduction of predictand iarlance
was calculated. The procedure was continued for a third and fourth function
but it was found, for both SCR-A and SCR-B, that additional functions never
led to a significant improvement over a two-function model. The model was

therefore restricted to two functions, X, and Xz.
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The form of the model used was

(X = X0 (1)

P=P+Al.(xl-xl)+/\2. 9 2

where P is the predictand

is the mean value of the predictand

v
Ai is the coefficient of the i'th predictor, Xi - Xi, and
Ri is the mean value of the i'th function.

The coefficients A were calculated from:

2
S sty r(P,Xl) r(P'XZ)Af r(Xl,XZ)

1 n(Xl) L

2
o gxl,xz)

2
TR O e st by s
2 o(Xy) ;

1

2
r(X
where o denotes standard deviation and r denotes correlation coefficient.

Such models were generated for each predictand, for each latitude
region and season. One problem was that two functions which explained the most
variance of a particular predictand were not generally the same between lati-
tude regions or seasons. However, in almost all cases, nearly as much variance
could be explained by functions which were judiciously specified so that they
varied smoothly in latitude and season. By varying smoothly is meant that one
of the functions X must be the same for adjacent latitude regions in the same
season or at adjacent seasons in the same latitude region. (Due to the change
in character of the SCR-A radiances after 17 April 1972, smoothness in this
time transition was not required). Although by specifying the model some theo-
retically explainable variance was lost, this method was preferred because it
insured smoother derived meteorological parameters across time and latitude
boundaries. Very little degradation of results for individual seasons or lati-
tude regions was caused by the adoption of this restriction. In the two cases

where the penalty for imposing smoothness was judged too high, the restriction

was not enforced.

It should be noted that the secondary screening procedure was redone

when the specified X1 differed from the truly most highly correlated function.

9




In this way the optimum choice for X, was assured.

2
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Appendix A contains details of the models. The first group of entries
for each level/latitude/season (i.e. "Run 1") shows the functions used, predic-
tor coefficients, and the percent variance explained by the model. (See p. A-2
for complete details of entries. Also, note that the results for layer mean
temperatures may be viewed in terms of thickness by noting that 19K =~ 2y, 27,

21, and 27 m in the 10-5, 5-2, 2-1, and 1-.4 mb layers, respectively.)

Also listed in Appendix A are results of tests of the model which
were performed on independent data in the following manner: For each predic-
tand/latitude-region/season, a model (using the specified functions) was devel-
oped from only 85 percent of the available rocket-SCR pairs. This model was
then used to compute the predictands for the rémaining 15 percent of the radi-
ances, which were then compared with the coincident rocket parameters. The mean
crror and the standard deviation of the error are given for five such tests,
each of which used a different, randomly-chosen, 85 percent/l5 percent combina-
tion of dependent/independent data. It is seen that neither the variance ex-
plained nor the coefficients vary greatly as a function of dependent data set,
and that the standard deviation of the error of the predictions is usually far

less than the standard deviation of the dependent (rocket) data.

These independent data tests were also useful in determining whether

the prescribed x1 and X2 were actually as good as their "percent variance ex-

plained" advertised them to be. Often, a model which was slightly inferior in

terms of percentage variance explained, but which was more consistent with re-

spect to its neighbors (in latitude and season), could be shown to be of equiv-
alent quality when applied to independent data. In these cases the more con-

sistent model was the one finally used.

Averaging of the standard deviations of the errors of the five inde-
pendent data tests yields the following accuracies: At 10 and 5 mb, the error
is about 3°K, generally increasing upward to about 5.5°K at .4 mb. The error
of the layer mean temperatures is generally about one-half degree less than
the errors at the bordering levels.

10
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As NMC 10 mb temperature is available north of 20°N, it was realized

it should be a good predictor of 10-5 mb mean temperature and other parameters

as well. However, since it was not always available, and never for the tropics
and SH, use of NMC data was first excluded from the regression. Later it was
felt better to utilize whatever data did exist to optimize the regression, even
if for only north of 20°N. A new set of models was developed, then, using NMC

10 mb temperature as a possible predictor.

o PRSI T

However, it seems that NMC and MRN 10 mb temperatures are not always
well correlated, and after investigation it was decided to use MRN as the stand-
ard. Appendix B shows details of the performance of the regressions when and
where NMC 10 mb temperature is a useful predictor; at other levels and seasons,
Appendix A results are preferable. This shows thag the prediction of tempera-

tures at 10 mb and in the 10-5 mb layer are improved by about one-fourth degree

due to use of NMC 10 mb temperatures. It is believed that the accuracies
presented in Appendices A and B are quite good, especially considering the

errors present in the data before cleaning. !

Vi APPLICATION TO SCR-B ORBITAL DATA

The models discussed in the last section were used to calculate atmos-
pheric parameters from SCR-B orbital data. A full set of atmospheric parameters
was computed for every major frame having data, with the data first being cor-
rected for zonal monthly mean diurnal radiance differences, as explained in
Section V-A. Several decisions were required concerning smoothing, use of
10 mb (NMC) data, and Southern Hemisphere processing, and these are outlined

below.

A. Smoothing

It was desirable to insure smooth transitions of computed atmos-

pheric parameters across time and latitude boundaries. The time boundaries

are shown in Appendix A; the latitude boundaries in the NH were chosen to be
22.5°N and AZ.SON (SH processing is discussed later). Smoothness in latitude
was accomplished by 1) computing the parameter using both sets of statistics
within a +2% degree 'window" of the boundary, and 2) forming an appropriately
weighted averaged, based on location relative to the boundary. Smoothing across

time boundaries followed the same procedure, with the "window" being +4 days.

11




B. Use of 10 mb (NMC) Data

Temperature and height at 10 mb on the 1977-point NMC grid were avail-
able, and,when required, 10 mb temperature was used as a predictor of parameters
north of 20N. To 10 mb height can be added the layer thicknesses to determine
heights of 5, 2, 1, and 0.4 mb. Since the NMC grid was only available once a
day (12Z), 10 mb fields had to be (linearly) interpolated in time, as well as
space, to the sub-satellite points. The maximum gap over which interpolation
was allowed was 48 hours (1 missing day); for longer gaps the regression models

not using 10 mb fields were used.

C. Southern Hemisphere Processing

No extratropical SH rocket stations had ehough observations to allow
stable regressions with SCR data. It was therefore necessary to apply, in
the SH mid-latitudes (22.5°S to 42.5°S) and high latitudes (poleward of 42.5°S),
models based on NH regressions in the appropriate time of year (i.e. winter or
summer half-years). Of the four NH regression periods, only the middle two
(16 April - 15 October 1973 and 16 October 1973 - 15 April 1974) were used for

this purpose.

In the SH tropics, the same regression model was used as was used
in the NH tropics. No 6-month time shift was applied, since the amplitude of
the annual wave in temperature is small (less than 2°K from 10 mb to 1 mb and

less than 4°K at .4 mb) in the tropics (Reference 7).

Procedures to assure smoothness over the time and latitude boundaries

were the same for the SH as for the NH.

VIL. RESULTS
The SCR-B radiances have been used to estimate the temperature at 10,

5, 2, 1, and 0.4 mb and the mean temperature and thickness of the layers be-

tween these surfaces, along the orbit, for the Northern and Southern Hemispheres.

In the next phase of this work, the heights of the same surfaces at lati-
tude-longitude grid points will be computed for use in obtaining planetary waves,
for the five-year period of record of SCR-A and SCR-B. This will require care-

ful space-and-time-interpolation of all the data.
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Table |

Rocketsonde Stations Used for Regressions with SCR-A and SCk-B

Latitude Station
Grouping No. Station Name Latitude Longitude
04202 Thule 76.6N 68.8W
70266 Ft. Greely 64.0 145.7
High (70192 Foker Flats 65.0 147.5 )
72913 Ft. Churchill 58.7 93.8
72124 Primrose Lake 54.8 110.1
72402 Wallops 1s. ' 37.8 5.5
72391 Pt. Mugu 34.1 L1912
Mid 72269 White Sands 32.4 106.5
74794 Cape Canaveral 28.5 80.5
91162 Barking Saunds 22.0 159.8
78861 Antigua 17.2 61.8
; (78783 Ft. Sherman 9.3 80.0 )
! Low 78801 Ft. Sherman
i 91366 Kwajalein 8.7 167.7E
61902 Ascension 8.08 L4 . 4W
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Figure 2. Corrected radiances from Nimbus 5 readout orbic 2732 (2 July 1973)
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Figure 3. Corrected radiances from Nimbus 5 readout orbit 5303 (10 January 1974) .

~©5 -

75

LI

e

Bo -

75 -

To -

65~

17

yr

¥s -

»5 4

30

=

Fopc LD
e ey
Srgr oy
PN NOL
Ay NTL
P& S
ase Mrw
2éC rEn
PES Nbg
29§ vog
AP w~vee
Ath e
FEAL v
A5~
Alm
;s
PEs
S & Iy
Pas
2r2

=
SH/s

Sgt
StE
SiA

Sem

2eeL 579
278 S
28 SsL
2L Sb;
Y
PorT
e sés
ez B4
Prte Son
Psee
2T
PALT
PIEZ S5
P il e
Ropr

SEL

s

sie
Ssce

Se 7/

NE?
PEAT

P e

~AT
Nig
Poae rvos

PCEC ~Ne s




E

t LD

FA9%/ 3 as

F 267/ Sre
- WLl SEC

FIT 6L

FAE V'S

F2€rasee

- 9/& Sar
D4/ T

P Aogs (=

. XtEN/E

ik {lad 3
F 087 YCA

-
-

N E VI
b oo EC

= 2/l AL

- A5T/ o9

= Pog MéL

S SEs

|

EIE AR
o )3:/ sA
o erl Sece

F XS MéA
> 0 YO
IF AP/ MEE

?L‘/ sTE
- 261 Sé¢

-

AR seod

e 12

e A5 5

| '.’ﬂ{c’ sas
51 -',t'af'g Sée

.
—t

SO A

B— L

e e L ik
P AR (Ve

e e L
ok sepe ovpe
+ | |

REE 81}

'
f
'
|
A
|

———— e e P e —

>

o

L o9
el

e

-0

“(1161 19qma33q 6) 6818 37910 Inopeas 4 SNQUIN WOIJ $OOULIPERI ¥V [JUUPYD Pa3dALI0d IouUPTRqE]

*y 2an81g

18




e e e R et ‘ & - S e G e A LN gt T Wi A A L TRt i s A g e . A 5 ol P

(1161 12quwa23d 6) 6818 31910 INOPEIL # SNQUIN WO1F SIOUBTPE [2UUBYD PIID2I10D 2OUB[BQUW] ° G 21n314

r'}ﬂzc rap
mRoeE (YLF




Figure 6. (a) Imbalance corrected channel A radiances from part of
Nimbus 4 readout orbit 1479.
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A.

APPENDICES

Statistical accuracy of temperature retrievals from SCR-B radiances
at meteorological rocket network locations, not using 10 mb NMC

temperatures. These show the regressions used for the regions
south of 20°N.

Same as A, for those atmospheric parameters, latitudes, levels, and

periods for which 10 mb temperatures improved the retrievals, i.e.

where "2" is indicated as a predictor. These regressions were used
north of 20°N.
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EXPLANATORY NOTES FOR APPENDICES A AND B

Accuracy of Temperature Retrievals from SCR-B Radiances at MRN Locations

Regression models for temperature and mean temperatures, developed using all
available rocket data, are shown in run 1. These models were then tested as
follows:

a. For each station group and period, a randomly chosen 15 percent of the
available MRN observations were set aside to serve as an independent test
set, and the remaining 85 percent were used to develop a regression model.

b. This regression model was applied to the radiances occuring at the other
15 percent of the MRN locations and times, with a resulting mean error
and standard deviation of the error as shown in the listing.

¢. Steps a and b were repeated for four more, different, sets of random
data., These five vevification tests are shown under runs 2 - 6.

Explanation of printout tables:

H K
A = Run number
B = Primary predictor (see 3 below) used in the model
C = Secondary predictor used in the model
D = Variance explained by a model which uses only the primary predictor
E = Variance explained by the full, 2 - predictor model
F = Mean of the rocket data used in the model, P (see eq. (1) in text)
G = Coefficient of the primary predictor, 4y
H = Coefficient of the secondary predictor, A,
I = Number of observations (run 1), number of independent cases tested
(runs 2 - 6)
J = Mean error of the independent cases (OK). Applies only to runs 2 - 6
K = Standard deviation (°K) of all the rocket data (for run 1); standard

deviation (°K) of the error for the independent test cases (for runs
2 - 6)

Explanation of predictors. (Note: Ry = ch B12 radiance, Ry = ch B23,
Ry = ch B34, R, = ch B4.)

2 = NMC 10 mb temp 6 = th 10 = R1 - R2
= = t =

3 R3 , Ré 7 R2 11 Rl " R3
= = % =

4 = R /Ry 8 = Ry 12 = R, . R,
= = & =

5 RI/R4 9 R4 13 R2 . R3

Station grougs on each page are for high (600-75°N), middle (BOO-QOON). and
low (10°S-20°N) latitudes, arranged from top to bottom. From left to right,
are 6-month periods (vear/day). Temperatures for 5 levels are shown first,
followed by 4 mean-layer-temperatures.
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Taslle =~ Tasle0

23.
26.

24,
26,

19.
23,

22.
<5,

22,
26,

27,
29,

239.1
80902
~a283Ee2

239.0
+601E2
=s209E 2

23%.0
«S06Ee2
=ed22ke2

23%.1
«800E 2
~e291E+2

239.0
«Se282
=J3a3Ee2

23v.0
“865L 2
~a225t02

els
R
Rl
2.9
35
Ll
.9
3
2.8
22
1.
32

=l
.7




8.0 70 2.0 wp mEAN TEMPERATURE

STATIONS 04202 70192 72913 Talle (W16N LATITUOES)
v PERIOD 127347 = 137118 T3/118 - 137280 137209 « 147118 Taslle = Tazyed |
Aun

1 1 2)5.) [ 3] o 92, 255.¢ 13 s, 120 T 9T, 244,58 8}
L] «l10€-1 0.0 S 95, ,ep0fe2 LA 2 0.0 S 9. .9%ete2 9.0
«T200%1 dles 230k «T286%2 11.5 sTeTEel IT.a

2 13 . 2088 18 8 0. 2% 18 1) 88, 232.9 184 T 97, 245.1 3 !
$ 81, .lo8E-)l -} $ 93, .8%0te2 -0 T 9le 29862 ~-.5 S 97, .eeete2 o7
WT2XEL 2.9 W224E2 2.0 T20gv2 2.7 «120te2 3.

3 13 00, 235.% i 8 9. 29%5.4 19 13 89, 2,y 19 T 97, 24s.1 27
S 81, .lesg-) ol S e, L8020 T 92, J2mBE-2 .5 S 9T, L993Ee2 .4
«A2TE+1 52D W239Ee2 1.8 Tasge2 3.8 «S2LE«L 2.9

E——

N 13 e0. 2358 12 8 9. 285.8 15 3 M 2¥aa 15 T 97 2e8.) 26
S 84, Jl08E-l .8 S Se. J0eeEe2 .8 1 900 J2a1E-2 o4 S 97, J101Ee3 -.8
4 W9e0Eel 8.5 L2sitez D9 JTS8E%2 2.9 J1356el a0

s 1 2)4.9 3 o 93, 255.) 10 13 88. 23,y 12 T 97, 2as,2 16 !
s «lleg=1l =1.7 $ 95, .890€e2 -,y T Sle  W@n2e=2 =2 S 97, .1028e) ) i
«8leEel 110 W223E%2 ),7 JISTE*2 3.0 J13Tel 2.7

) 13 79, 24,7 10 o 92, 2%5.2 19 13 8%, 20, 19 T 91, 2a.l 36
s «110€-1 1.8 s 9, 855€e2 .9 T V2. L2452 =1.) S 91, J9TaLe2 =-.5
«832Ec1 5.8 240Ee2 2,0 oTesEr2 4. 828Ee]l .2

STATIONS T2402 72391 722869 7479 (M1D LATITUDES)
pEnloD T2/347 = V7118 137116 - Td/288 137289 - 187115 Tasile = Tarded
RUN

1 1 252.) 168 1) 62, 254.0 265 13 67, 2en.) e 13 69, 251.9 Jle
S «011E-2 0.0 5 e2. .v2eE-2 0,0 T 70. W5WE=I 0.0 S 70, TT08-2 0.0
«2)6E<2 1.7 =278k 1 8,2 sl1eE*d 8.5 «T85tel 5.5

1 1 2%2.2 25 13 81, 25..6 s1 13 89, 2e7.a s? 13 e8, 252.1 a6
s J802E-2 =3 S el. .Je85E-2 ] T 73. =.2026%3 1.0 S 69, JTe9E-2 =.7
P 243E42  aLs WALkl 2.4 212283 s LIS O MY

3 13 2y 13 61, 2%4.e .0 13 65. 2ea.2 a5 13 69, 251.9 50
s .8 5 8l. JVesk-2 ~-.p T 8%. L4QlE-) =.b S 710, .791E-2 ..
«2)IE2 4.5 = 350Ee1 1.7 slr1aged 3.3 «9C1Eel 2.8

. 13 ss. 2%2.% 25 13 61, 2%¢.5 .0 1) T0. 24m,0 ) 13 68, 251.0 5
$ Vi, J82eE-2 -.) S 81, JB85E-2 -5 T T3 Lle2E=2 e > 89, JTTIE-2 =.0
w204E02 a2 68280 2.5 shnaged  a.s «942Ee) 2.5

s 1) ss, 2s52.8 19 13 82, 254.3 28 13 T0. 24s,p 3. 13 73, 251.% AT
S v, .T88E-2 .1 S e)., .VrekE-2 o7 T Tde olaYe=2 142 5 73, WJ¥97e-2 W7
«199E:2 .0 ~oTI0Ee) 2,8 sho2€°3 5.3 «S48E-1 4.0

. 13 ses. 252.) 28 1) 81, 2% .9 13 67, 24n,2 as 13 12, 2%2.0 .
S 2. .025¢-2 1.0 $ 6l. V2182 =-,2 T Tle =.8186~6 =,] S T2, J770€6-2 =)
225762 D7 ~ab2iEel 2.4 «h20€°3 3.7 PR LT TP P

STATIONS 91142 78861 78801 9ides 8i%02 (LOw LarTlTUDES)
PExI00 T2/7347 = 137418 137116 = 737208 13/289 - 1871158 Taslle = Tasded
RuN

1 13 81, 2%e7 1 1) Y0, 29%.) 112 13 39. 25%.9 221 13 29, 254,80 28
$ 61, JTe8E-2 8.0 S s, JSe0E-2 0.0 12 9. JlereE=lL 0.0 1é Je. 12081 0.0
S 21T 10 T JAINE2 Do 1982 o8 =«910E-2 .5

? 13 Se. 13 e, 23,9 32 13 a2, 25«<.» s 13 20, 25407 »
$ s, S . LN22E-2 - 12 43. J12%¢-1 1.0 e 2. llee-) «2
PEL L AT S I =.970E"2 &) ~oBeit-2 2.2

3 » 254 .8 184 13 3. 2%%.0 24 1 %1 13 23, 2%e.8 1
s V5162 1.0 $ a8, NITE-2 o’ 12 VrsE~2 12 29, JllugE=1l =.0
1232 D0 Jlete2 3.y SasgE=) “u102t-1 4.5

. 13 s, " 13 39, 2%s.0 28 13 2. 2%«.n S P 13 Y. 2540 »
s s, o S AT, LS3Me2 -2 12 82. L=l 14 12 38, 127k} =)
3.2 333Ee2 3.0 ERL R ST I O] “10le-l 2.8

s 13 81, %0 . 13 2v. 2%s.) 20 1) 2. 2.0 22 13 208, 25427 23
S 4. M .y S a). SWE=2 -y 12 2. a2e~1  =.% 12 2. JANeE-) )
i I3kl 2.0 M) 3.3 =.802L-2 3.

L] 1 sy,

1 13 3. 2%s.! n 13 &l. 2%a.2 . 13 0, 2%¢.0 3
s ee.

-3 S Se. WbIES2 -2 12 81e 99262 =1ls le 35, J1ISE=1 -.2
CLALLES S IS § 3Oz 2.8 Rl LI T =.870E-2 3.8




2.0 TO 1,0 wB MEAN TENPERATURE
STATIONS 04202 70192 72913 Tal2s (HIGH LATITUDES)
PERLIOD T2/347 = 137118 737116 = 13/208 13/289 - 747118 T4/116 = 747360
Run
1 . 249.5 78 6 93. 270.1 116 [y . 245,9 121 6 96. 2%6.5 1712
S «106E*Y 0.0 T 93, .633E+2 0,0 S 68. .l18E*) 0.0 7 96, .106€+3 0.0
«831E1 15.) 425602 10,4 e2mlEl 1241 #190€+2 19,5
2 3 249.6 1% 6 91. 270.9 7 L) 245,17 17 ® 97, 2%7,% 3
- s «105E+3 =8 T 92. .683E¢2 =,1 s 117643 .8 T 97, L107Ee3 ~.)
«840E-1 3812 2,1 PETTIES S T J18TEe2 0.2
3 ¢ 89, 250.4 13 6 92, 270.¢ 1T & B89, 2%.) 20 6 97, 256.3 24
S 90, 10863 .5 T 92, Je3efe2 1,1 S 89, J119€°3 2.0 T 97, L1053 =1.1
«843Es) 5.0 Nlaks2 17 «26SE*L 4.0 elBlEeZ 4.4
. 6 89, 2+5.0 12 v 2. 14 6 89, 244.0 ls & 96, 257,0 27
S 9. 99262 -1.0 7 93 =0 s 121643 <240 T 96, L8782 =~.2
«121Ee2 5.9 TR | Jl76ECL 47 $258E+2 3.2
s $ 92, 249.4 L] 6 94, 269.0 10 6 BB. 244, 12 6 96, 256.3 16
S 92, .106£¢3 -5.2 T 95, .619Ee2 -4 5 89. Ll18E%3 =2.2 T 96, ,998Ee2 1.1
oTISEcL 9.0 AITEZ AL «3996¢1 3.5 $242642 2.7
6 6 89, 249.1 10 6 . 265.8 17 3 246.3 20 6 96, 255.9 3s
S 90. .108€«3 L3 T8I, L2 e 5 Jd15E°3  -,3 T 9. .102t+3 =,5
«69TEL 5.9 Jd2eEc2 €0) <JaBECL 4,2 «236E+2 3.5
STATIONS 72402 72391 72265 Tal9% (M10 LATITUPES)
PER100 T2/34T = 13/115 T3/118 ~ 137288 13/289 - 74/115 Ta/sl16 = Ta/36v
RUN
1 S 39. 267.3 176 6 a5, 267.5 267 6 58. 2615 308 o 60, 265.0 32y
6 43, 282642 0.0 T eb. LTb2Ee2 0,0 5 6le JT77E°2 0.0 T 2. 89262 0.0
«374E2 6.7 223042 S0 ) olebE*2 6.3 «361Ee2 0.6
2 S 35. 267.3 26 6 43, 267.8 S1 6 58. 261.5 L1 & 56, 265.4 [3]
® 37, .281Ee2 ~.8 T 43, .801Ee2 =, 5 60. JB06E*2 =,1 T ST, .83TE.2 ~1.5
T edlAEe2 3.4 olb6Er2 2.6 sleage2 4.1 «3ITES2 aaa
3 S 34, 267.3 26 6 A4, 267.5 a0 6 59. 263.% s 6 bl, 265.0 50
6 39, J254E+2 ~.S T 44, JTT0Ee2 =.4 S 62. .600£°2 L7 T 62, .908E¢2 .3
ALAES2 3.7 J223Ev2 2.3 $205E%2 4.7 «367Ee2 3.8
4 S 39, 267.4 26 6 ab. 207.7 42 6 60. 261,5 51 6 60, 26s.8 .
6 43, L279Ee2 .S T 66. JBaOEe2 ~1.2 5 63. JT73E%2 =.5 T 62, .BE2Es2 L3
«I9E2 A «l4lEe2 2.8 ol74E%2 4.5 «395€+2 3.7
s 5 34, 267.4 19 6 45, 267.4 29 6 59. 261.5 37 6 60, 265.0 37
® 37, L277€<2 .6 T 46. 68562 1,1 S 6le JTa7£¢2 .2 T 2. .821E+2 1.1
+2B8E+2 4.6 «307Ee2 3,1 <170E%2 4.6 .411Ee2 4.9
L] S 40, 267.1 29 6 46, 267.3 49 6 el. 263.5 5 6 59, 265.1 50
& a4, L279E¢2 1.5 T 46. LTBIES2 o4 5 5% JBn6E*2 B T 0. .93BEe2 =.1
+409E+2 3.5 «l7¢E+2 3.8 «175€%2 4.1 «297E%2 8,2
STATIONS 91162 78861 78801 91366 61902 (LOw LATITUOES)
PERIOD 727347 - 73/115 737116 - 737288 737289 - 147115 Ta7116 = T4/360
RuN (3
|
1 6 60, 268.1 115 6 35. 267.4 163 6 27. 26a.8 214 6 25. 266.9 224 |5
3 62. J117€+3 0.0 12 41, 196E+3 0,0 S 28. .872€¢2 0.0 5 2Ti JTuSEe2 0.0 i
=2 J94E-2 4.9 - =el21E~1 3.8 «6Q6E*]l 4.0 «131€+2 3.8
2 & 59, 267.6 19 6 36, 267.4 31 6 28. 26a.7 3 © 23. 266.8 36
3 63, 119643 1) 12 Al. L202E+3 -.0 S 29. JB84lE*2 =41 S 25. «63BEs2 .4 i
=~.503E-2 2.7 ~sl20€=1 2.6 922601 2.8 135642 doa |
3 6 S3, 268.4 17 6 39. 267.4 28 6 28. 263.0 as 6 23. 267.0 kL
3 S6, JI07Ee3 .0 12 44, L19%5E+2 .8 S 28+ J915FE°2 =1.) $ 25, 4681Ee2 ~1.2 i
*e33BE=2 Je4 =al09E~1 3,5 “u241E40 a7 «120t+2 2.9 |
. 6 81, 287.9 16 6 36, 267.3 23 ® 26« 26p.8 30 & 25, 266.8 29 }
3 65, 123643 leé 12 42, L15cEe] o7 5 26+ J84apc2 «3 5 26, 736Ee2 .l |
. “eA94E-2 3.3 =odinE=1 J.a «8GIE*L 2.4 «l11Ee2 2.8
s 6 e1, 268,1 A 6 AD, 267.,) 20 6 26« 263.9 22 6 23, 260.8 23 i ?
3 64, J119E¢T s 12 46, L,208E+3 1.2 5 26« J813E¢2 -, 5 25, J6elEe2 -0 )
=e#13E-2 3.2 o125E~1 3.3 332601 Alb «133E+2 3.6 i
. 6 S8, 288.3 13 6 36, 267.3 29 6 31« 26n.8 LY} 6 21l. 266.9 3s |
3 S8, L108Es3 .4 12 42, L194E«3 .8 S e J902Fe2 -, S 23, W610Es2 =9 |
=.307E-2 3.9 “el18€-1 2.8 Wb5aEel Dub 13082 4.2 i




— g

10 YO L& Wb WEAN TENPERATURE

STAVIONS 04202 70192 72913 Talle INION LATITUOES) |
PERIOD 12/347 = 13/118 TALe - TI/208 T3/200 - 147118 Tésl1e = Tas3ee '{
L0 (\

Y s 0. 14 6 0. 2710 " . %6 25a.n 1z e 09, 262.0 154
. S 2. Lselke2 0.0 S 8. Lea2pv2 0.0 Yo, d1Tied 0.0 f
«840ke2 oleste2 02 dhBTECT 100N =eTT0Le2 13,9 i
]
H S 80, 2%.0 6 09, 272.0 13 ¢ Se. %8 18 s ey,
. LI 208E2 LI T (o2 =1 LI DY SR TRT S | T 9.
8902 i ERRLIS TN )
3 s 8.8 18 s 90, 2718 1 6 9% 2%, ' & v, 2e2. 2
. «dookez 2.3 8 V2, 2N 2 e LI L DY PRV ET I | TR, Li88Le) ~1.a
i Baale2 8.2 deviez 2.5 cdasped 8.0 a661Le2 3.9
. S 8. 2874 12 4 %2, M.y 1 o 8. 1. . 0, 113
® 94, LDOSECZ -lae 8 93, 64502 -1.2 s Tie 2.7 T oee. ok
PELLISr ) olateez 2.8 .9 .8
s 5 8l, 256.9 & 90, 2716 . & S8, 25¢.7 11 e %o, 14
& %, L278E02 S %1, .6l8fe2 2.8 8 Y. Jeserc2 10 LA PN “e3
| «887€e2 PEETIET S N ) JAetEvE .y
b . $ . 237.) e %0. 271.1 12 6 se. 2%,y 20 s e, 1) |
& 93, J2VBEe2 8 92, .e08te2 9 S eV, eyrge2 - v ez, -
822E02 skl 2,7 PRRE TR I Y . 1‘

STATIONS 72402 72381 72269 7Taloa (1D LATITUDLS) |‘
PERIOD 727341 = T30S 137118 = 13/288 TI/209 - ye/1)8 Ta/lle = Ya/3e0 l
Ll |
) 4 1S, 2e8.2 167 4 1e. 85,6 L31Y 1% 2ea.y 2 5 e,

S M7, J224Ee2 & 22, Jllgtel 0.0 o 2% Dpegt? ¢ 29, L1032 ﬁ

«050€«] a450Le2 AL CEATT AT SN Y ) SR e2 |

2 & 1T, 2ee.2 24 $ 18, 265.7 ar o 20, 2%n,0 “r % 1), 2esn “2 \
$ 18, J208E2 ) & 21, J9ete2 2 LR I O T T ) o 3T, LeesEel ~1L)
© «8RTEC] 4.0 AITEe2 2.0 S ATTEY B WSUSEe2 a2
3 4 ), S 19, 65,6 v 20, eyt 38 S . 2ecd .
s s, o 2l. 22702 -2 LR L RS PYTEY S Y & A2, adiEe2 a1
CLLILES S d0ke2 .2 FEIETEY S N ) RITIEY 2N MY
. 4 1e, 2882 2 S 20. 2857 .0 o 0% e LL) | I L N fa.d o
$ 19, 292 L2 o 28, LATNEe2 =) CRNE LIRS EYVEY S 6 8. el )
UL LTSN G ) TR PEIR AT I MY YU I 1Y
s 4 14, 2081 184 S 19, 265,98 2 o 1% 2ea.n »n S le. 2ec2 A 1Y
$ e, ISEe2 o8 o 23, Jleste2 10 8 2% sl -2 & Je. .easEel L2
«898E+1 3.8 IRTET I N ) derecd . PEYRTEY I N )
. o 18, 26 2 LI L 3 LI > P PO . S 18, fesa2 L)
S 19, J208E¢2 1.6 TRt 1ake2 -2 & 35, s e ¢ Jde. L2 ?
dIAEC2 D). PETS LD S I PRI TAT SR N | PLELTEY B N )

STATIONS 913162 Y8881 78801 91)es 61902 Wow LarlTuoesy
PERIOO T2/347 = TN TI/116 = VX200 TA 20 . pesyLS Tasiie - Tasdse
LI
1 S 32, 2604 L] s 20, 2800 142 S 10, er. 19 S 32, s e

4 39, 152042 0.0 DO L S LS R I ) o A% LJhyert? e LI T LT I )
350602 a0 PR LIRS ) laort? 3. ~RT2Le2 a3
? S 38, 208,46 18 § 2. 2888 2 W% vy »” S 36, 2850 "
& 4. JISTEC2 -8 o . LML -2 o 2. Gl .2 o I8, 0N 2
#3962 2.0 285802 1.0 ot ) R LI S Py
3 S 20, 208.8 18 S 26, 20s,1 " S 5. aev.e 3 3T, 2850
& 32, L1842 <10 o 26, LI82002 -0 4 e L .l 8. WSoMee2
2)8Ee2 3. edestel 30 ettt 3 “ole2ee2
4 S 37, 26800 14 § 0. 26a.1 20 § . e 13 S 38, 2eN.e 2
& 43, Ji98Ee2 o DO I T T R T S ) LI LD STTE T I | LI * U STET S Y
33682 2.0 JdlJEe2 200 CRELTEL BN TN ECELEL ST I Y )
L] S 9%, 2608 1 S 29, 2es.d 10 8 1%, 2er.s 2 L L R T n”
LIS PR L LT AT S 4 & 32 WI%0Ee2 -0 4 16e JlaTE*2 =0 . N, [SLET S |
CRLILEY SN ) PRLLLET S Y olaver? D SN2 250
. 8 29, 200.8 1" s .l!. 168,80 E 3 3 I8 2o,y I S J. feNae n
LIS PR LR T LT S | o 26, JN2eted =y LI L DS TLTEY S ) 4 3. aasdte? <l
«J02E+2 3o 202 2.0 210072 2.0 “adi2te2 )




STATIONS  ©8202 70192 T291)  Yal2e INICH LATITUDES)
rErl00 F2IIAT = TI/LNS THILe = 13200 TYI/209 « PA700Y TaZ11e = Ta/de0
s
1 3 sl 2210 . LI L PR 3 L% 4 Yy . 20V L 3 0. 2290 o
2 1%, J1e0E=2 0.0 009 Lee0i=2 4 8% w2 0.0 o w2 L788t-2 0.0
TIPS ) IS DLTRM ~e212042 10,0 “e 220002 9.0
? 3} e0. 2212 18] ) 235.0 10 ) 222.0 1. ) %0, 229.0 n
2 1. Lldel=2 =4) (] «)i8L=2 1.0 . «8827<2 1.0 DO 5 TR & IT o
1091 2.0 RS LISF I PY) 2302 D0 “a2e8le2 Yo
{ o ) 3 s0. 220.8 14 ) E3 T 19 ) M2 1" ) 0. 2290 7
E I DTS T EU S S | . 29002 M ) LIRS B | LIS RS FYT T B
7000 32 PEYSTEP S O J ~.208102 3.2 257002 2.9
. 1 e2. 220.2 1] ) ae. 237 18 Y e, 2230 I8} Y 0, 2)0.0 2
2 M. J2M=2 2.1 [T NPT S | LI L I TS B Y A ). LT80E=2 =10
«9906¢0 1.0 «3I50e2 2.1 228092 2.7 =a221be2 2.2
A} ) 8. 0.8 . 3 %, 2 1§ 3 86, 223.7 12 ) w0, le
2%, L1352 <20) 0 . JAME=2 =a9 A 08, L9082 -1.0 4 0. .0
ST ) l20e2 3.0 e 213692 .0 “.2090e2 2.5
. 3 8. 2. . L L A LS ) 20 ) 0. 22).1 1) Y 8%, a2 "
P § PR TS TES RS 0 8% TE~2 A 89, Li-2 . A 9. LT798L=2 -7
TTIST RS | AldEe2 2.2 “ A2 2.9 o2 2.y
STATIONS 72402 72091 72269 7ATY (RID LATITUOES)
veator PZ/IAT - TRZRLLS 73118 = 2az2a8 737209 = Y4118 Yas1i6 = Tas300
Kux
] 219, 2. 1. LIS T PR 5 T [ 2 85, 129.4 293 3 6. 230.8 o
§ Rl. L9930 0.0 38 L8902 0.0 1 87, L7047e0 0.0 A 2. .90ek-2 0.0
«J02E%2 1.0 =22 D2 27862 A0 e )ASe2 AL
2 2 7% 2)0.e 19 LI D 3 TP - 2 %9, 229.4 LYY Yy 8%, 0.2 e
8 82, 10061 L2 Y DAL 908kl a1 ) oel. . 0 = LI L P SLTE S )
303602 3L “a)07E-2 1.9 «296E=2 3.2 =)Mo D2
3 2 0. 2.2 20 LIS RO 3 LT 134 2 %2, 229.4 2 Yy eT. 230.7 a9
8 82, L9760 =1.0 3 T %892 -a2 ) S). .e%8(e0 =.0 LI 2 PR P LY T ST
P TS S Y AN 20 <2062 a1’ 315002 2.%
. 2 80, 2)0.s 1 [ L U & LT 1% 2 L3 ) 66. 2)0.8 s
6 A2, 105001 o6 3 d6. L102Es) =9 ) 1.0 O The L05E-2 -
«20)002 D2 “.A%8=2 1.V 3.2 = N20te2 2.1
s 2 re. 18 8 Al. 20 28 28T 2296 M ) 8. 2¥0.7 "
. =) Y Al Tike2 =% ) %8, LTHMEe0 o7 o M. L9072 2
2.0 “aA81E=2 3.2 «2000=2 ). “u3ale2 2.7
- 2 Te. 2)0.9 24 A0, 230 “7 2 %8, 2296 . 3 8% 2.6 “n
8 79, L10)Esl =1.) Y A0s J727Ce2 o6 3 S8, LeATEeD =2 DO J PR T T BN
21502 2.2 ~e49)E=) Y. $270E=2 2.7 250002 2.1
STATIONS SlieZ 78881 Ta801L 91)es &1902 (LOW LATITUDES)
PERIOC 127047 - 737008 TIALe = T/200 7)/7209 - Ta/118 TA/1R8 = T473060
W~
] 3 Ss. 2N2a7 ° 6. 2306 o y 2. 2N o 3 1% M o
0 %%, LleTE-L 0.0 3} 8. .S86te2 0.0 DO P T E ) & 20. L77AE-2 0.0
: =302 au) JT0E-2 3 ~alATES2 o LT ALT T N PY )
g ¢ 2 T %k, 202.6 21 . 210 b1 3 M. 2320 3 3 1%, M e
O S2. L100L=1 =.0 ] ATIEe2 W A 3. L100E-1 .0 o 20, MR- =)
=«%11le2 .0 «9350-2 2.0 = 19202 D2 o 225002 Do
y Y 8%, 1326 ir . 3. 213 t4) LI LU & 1Y ) 2 1. 20 hLd
* %%, L1%aE-L LS LY DR TV SN L PR P T LU S TETES S |
~s28T002 ) «%656-2 d.0 129002 297002 2.y
- 3 9. i 8 Y. 208 s AR DN T A% 3 oat. na Yo
.« 8. . -1 = YN W82 =2 LI L S [ TS | DO L DS R T T S
E =8810e2 Vs ELRRLET S PN Y “e 189002 ol 2.y
s ) %% 2. . [ IR P 3§ PL 1 DI T 3 Y 10 Yy 1. M2 2
LI TR R 8 L S | 3 3% LS8 -L0 O L TS TR U B | 4 20, Le8lE-2 =a2
“30% 02 2.0 80862 1.9 107802 Y2 EXR LRLEE B PYY
. Y S, 22 (B LR LN 3 ) PL) 29 3 0. M RAJ y 2. W2 n
LI 1 ERE Lot Y 3 de. W598Ee2 -o 4 . L1001 2. 202 D
300002 2.1 PRATIED B MY ) “u 7802 ). BN L TET I TN




STATIONS 04202 10192 T291) Tare

PiRI0D P48 - TWNLS
L
1 0 84 22409 . .
2 8. WN22e%2 0.0 3
«T1)E*D 0.0
2 0 82, 227 13 .
2 V2. 4AN0E02 -7 s
«8)2E%0 2.9
.
k] 8 82, 2287 14 .
LR LTSS L TEY B ] b
PRAS (S5 B PUY
1 . & e). 2240 L] L]
2 FaL LAdAER2 L7 s
«638E %0 2.0
L] . 2242 L] L]
2 «ITafe2 =2.% s
«87)E¢0 9.0
. & 82, 21a.4 . (]
2 Te. J2E02 N s
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